A spray drift model called RTDrift was developed to estimate drift caused by 8 ground sprayer machines. The sprayer was equipped with sensors measuring operational 9 parameters namely spray pressure, boom height and movements, and geolocalization. 
This model considered that advection by the mean wind was the primary 10 mechanism for transport along wind direction while dispersion occurred in the 11 crosswind and in the vertical direction. The mean trajectory of the drops was expected to 12 be a straight line with a downward slope from the horizontal, the slope being 13 conditioned by the gravity settling velocity. The model assumed that settling particles 14 remained at the ground surface upon striking it. 15 The drops deposition rate m q (g m The model assumed that there was no interaction between drops. This hypothesis 19 was supported by the effect of the nozzle movements, which segregated drops from 20 different sizes and drastically reduced the drop density comparatively to a static nozzle 1 (Lebeau, 2004) . It also supposed that drops were decelerated from initial speed by the 2 drag force from static air interaction, not taking any entrained air effect into account. On 3 basis of these hypotheses, drops produced by a nozzle at a given pressure were divided 4 in homogeneous diameter classes that were assumed to drift independently. 5
To compute m q from Eq.
[2], the nozzle effective height and the gravity settling 6 velocity were computed on a physical basis for each drop classes ( § 2.1.3). Other 7 variables, like the rate of mass release from the nozzle, the wind speed and direction, 8 and the nozzles trajectories were measured with sensors located on the sprayer machine 9 ( § 2.1.4). In general, y σ and z σ are related to eddy diffusivities by definition (Pal Arya, 10 
where ∆T (°C) is the difference of temperatures between wet and dry thermometers. On 11 this basis, the linear reduction of the diameter versus time was tabulated to derive the 12 drop evaporation. This assumption is based on the hypothesis that a spherical drop of 13 radius r evaporates at a rate proportional to its exposed surface area as it moves dV/dt = 14 -k A, with V=(4/3)πr^3, and the area is A=4πr^2. Therefore, dr/dt = -k. 15 The mean diameter of the drop during flight time is computed for every diameter 16 and the nozzle drop spectrum is shifted downward accordingly, increasing long range 17 drift potential. 18
Effective height and terminal velocity 19
Taking into account the gravitational force, including the effect of fluid buoyancy 20 and the drag force, the second law of Newton was written as: 21 
Embedded measurements and data processing 1
A measurement chain was installed on the sprayer machine (Fig. 3) . The analogue 2 output sensors were connected to a data acquisition system (Daqcard 6036E, National 3 Instruments) installed in an embedded PC (CF71 Panasonic). RS-232 sensors were 4 connected to the laptop using a PCMCIA card (NI 232/4). An acquisition program was 5 developed on Labview (National Instruments) to record the measurements at 200 Hz in 6 a data file. Embedded measurements were processed using MATLAB software 7 (Mathworks). 8
Recorded parameters during field application were flow rate, wind speed and 9 direction, and nozzles trajectories. 10
The instantaneous flow rate was measured by a factory installed turbine flow-11 meter which furnished a pulsed signal proportional to the applied flow. The initial drops 12 characteristics (spectra and speed) were interpolated from PDI measurements tables at 13 different pressures on the basis of measurements from a pressure sensor (Gems Sensors, 14 0 to 10 bars) fixed on the central section of the boom (P). 15
The wind speed and direction were measured by a 2-axis anemometer (Gill 16 boom to evaluate horizontal boom movements due to yaw and jolting motions (AC1 to 7 AC3). These DC to 100 Hz accelerometers had a 500 mV/g sensitivity and ± 4g range. 8
Two infrared distance-meters (Wenglor, HT77MGV80) with 300 to 1300 mm 9 measuring range were located on each part of the boom (IR1 and IR2). by the factory installed wheel rotation sensor. 14 As a result of this data processing, a data file characterised the 54 nozzles wind 15 speed and direction as well as the localisation in the field (X,Y), the emission height 16 relative to the canopy, the flow and pressure. 17
Implementation of the model 18
The sprayed area was meshed using a 50 cm x 50 cm square grid. For each mesh, 19 the time spent by the nozzles was computed and the relevant machine operating 20 variables (Q m , x,y) of the model were determined. 21
The absolute wind speed U and direction were estimated for each mesh from a 22 30 seconds moving average of the embedded wind data. The 30 seconds period was 23 chosen as a rough estimate of mean time covered by a drop from its ejection from the 1 nozzle to its impact on the ground. 2
The drift for every mesh was computed as the sum of the contributions from the 3 16 different drop classes. Fig. 4 presents an example of the spay desposits spatial 4 distribution in percent of the nozzle output, where evaporation is token into account by a 5 modification of the drop size spectrum. As the evaporation process doesn't significantly 6 affect tracer or pesticide quantity but only water, the sum of the spray deposits remains 7 100% . The footprint m q in a diameter class q mn was computed using Eq. 2 with a 5 by 5 8 cm² resolution. Thanks to this approach, estimation of the drift was obtained with a 9 good accuracy for any drop size distribution, whatever the pressure changes or nozzle 10 modifications. 11
The geo-referenced footprint was oriented in the wind direction and added to the 12 spray application map with 50 by 50 cm² resolution. The summation of every mesh 13 footprint resulted in a map of the repartition under the boom and the actual drift. 14 15 measurements were thus performed for each trial. After spraying, the samplers were 10 quickly picked up, put in the shade in wooden boxes and sent to the laboratory for 11 analyse. Samplers were washed using a phosphate buffer solution and analysed using a 12 spectrofluorophotometer (RF-1501, Shimadzu). given: the first one represents the drift versus the distance perpendicular to the track 5 while the second gives the drift cartography. The mean wind direction during the trial is 6 plotted to illustrate the wind direction in relation to the travel direction. 7
Field trials
In the first figure, the measured drift deposits downwind for the three samplers' 8 lines are expressed as a percentage of the application rate and are represented by 9 asterisks. As expected, the deposits decreased drastically with downwind distances. The 10 high variation between the measurements at a given downwind distance reflected the 11 great heterogeneity of drift deposits, especially due to the boom movements that affect 12 the nozzles height. The drift curves obtained by the model taking into account 13 evaporation (mean curve, mean curve ± standard deviation) are also plotted with the 14 experimental points. The standard deviation of the model is computed on the basis of 15 the modelled deposits at the level of the three measurement collectors. The first trial 16 (figure 6a) was chosen to fit eddy diffusivities y K and z K along y and z axes by using 17 mean square regression. The computed values which were respectively 0.005 m² s -1 and 18 0.04 m² s -1 were used in further trials. z K was found almost ten times larger than y K as a 19 result of the fitting. Indeed, a low y K usually increases spray deposits variability along 20
travel direction, what is consistent with observations. However, the quality of the model 21 validation to this last parameter is low because of the lower sampling rate along the 22 driving direction, making this last fitting tedious. Specific experiment should beconducted with increased sampling resolution to address this issue that is usually 1 neglected in drift studies. 2
The second figure presents maps of the spray application. The localisation of the spray 3 drift samplers is specified on the maps. The spray repartition under the sprayer boom is 4 clearly visible (in red), most of fluctuations may be attributed to the sprayer boom 5 movements which are amplified by the soil roughness. Some punctual problems could 6 be identified, such as a too high flow rate (beginning of trial 3, fig. 6 b) or uncovered 7 zones due to a small deviation between the successive sprayer trajectories because of the 8 low GPS accuracy (trial 6, fig. 6 e). The deposits caused by the drift present large 9 fluctuations, mainly due to the wind variations in direction and intensity. The favourable 10 effect of air injection nozzles appears clearly with a drastic drift reduction. 11
12
The modelled curves fit correctly the field measurements. These are included in The trials have shown that the model is mainly sensitive to the wind speed and 1 direction. The height of emission also plays an important role; an increase of the boom 2 height raising the level of deposits at the different downwind distances. During the 3 fitting of turbulence parameters, the dispersion coefficient along z axis has proved to 4 have more influence on the drift deposits that the dispersion coefficient along y axis, 5 especially for long range. For instance, a tenfold increase of z K coefficient form 0.005 6 to 0.05 for trial 1 results in 10% drift increase at 1 meter distance while at 30 meters, it 7 resulted in a 400% drift increase. As a comparison, a similar y K modification was 8 negligible, in the few percent range. The issue of real time dispersion coefficient 9 identification must be addressed to further increase model performance. Finally, the 10 drops evaporation modelling was needed to predict accurately the long distances 11 deposits. At short range, the effect was negligible as drops are big and sensitivity to drift 12 is not significantly changed by evaporation. The effect was important for drop smaller 13 than 250 µm whose diameter change affect more driftability. These smaller drops 14 containing a big amount of tracer, the increase of transport distance has a very 15 detrimental effect. For instance, in trial 1 at 15 m the evaporation modelling increases 4 16 times drift. At 30 metres, drift becomes significant while it was negligible without 17 evaporation. It has to be pointed out that the use of actual pesticides in trials 6 to 8 did 18 not affect significantly the model performance comparatively to the trials with water. 19
The drop spectrum change induced by the physicochemical properties of the spray 20 mixture may be too tenuous in these trials. Gaussian plume, or a change between adjacent large eddies so that the embedded 7 anemometer and the drops emitted by the nozzle could be thus in different air masses 8 because of the distance that separates the anemometer from the nozzles. To overcome 9 this problem, a more sophisticated treatment of the wind data should be developed in 10 order to get a better estimation of the wind vector field at the level of the parcel from the 11 wind measurements of the embedded anemometer. 
